To determine the importance of digestion and detrition (rubbing) in the rumen on the breakdown of large particles (LP) in the leaf and stem fractions of temperate and tropical forages, a study was made using a digestion-detrition simulator. Large-particle breakdown was measured in forage samples subjected to 48-h digestion or 48-h digestion plus detrition. Digestion caused a breakdown of 14% + 1.9% (~ +-SE) of the LP, and a further 8 • 1.9% were broken down by detrition. There was no difference in breakdown between temperate and tropical forages. The mean breakdown in vitro of LP of temperate forage was similar to that reported in vivo (21 vs 17%), but the breakdown of leaf fraction in vitro was twice that observed in vivo, possibly due to the greater breakdown in vivo of the LP during primary mastication. Both digestion and detrition cause a reduction in size of forage particles in vitro; this result supports conclusions drawn from in vivo studies.
I ntrodu ct io n
The weight of forage particles in the rumen is reduced by the processes of solubilizing and digestion, but before they can readily leave the rumen these particles must be reduced in size. Four processes exist in the animal for the reduction in size of large plant particles (LP):primary mastication during eating, mastication during rumination, digestion and detrition in the rumen. In the previous paper (McLeod and Minson, 1988) it was shown by difference that digestion plus detrition was responsible for 17% of the breakdown of forage LP to small particles. This conclusion is in conflict with the suggestion of Ulyatr et al. (1986) that, although digestion weakens large particles, it has no direct effect on particle size. Many assumptions were made by McLeod and Minson (1988) when estimating the significance of digestion and detrition in the breakdown of large particles in vivo; they suggested that an independent in vitro study of the problem was required.
This paper describes an in vitro study of the importance of microbial digestion and detrition in the breakdown of LP. Simulated digestion and detrition was used to measure LP breakdown in eight contrasting forages, including four used in the previous study (McLeod and Minson, 1988) .
Materials and Methods
To study the effects of digestion and detrition on LP breakdown, a new apparatus was developed. This consisted of eight containers made of extensible rubber boots 2, to the top of which were fitted capped plastic jars with the bottoms removed (Figure 1 ). The eight containers were attached to a rocking frame that moved the bottom of the container through a vertical distance of approximately 10 cm at a rate of one stroke every 5 s. Leaf and stem fractions of the temperate ryegrass (Lolium perenne), and legume alfalfa (Medicago sativa) (McLeod and Minson, 1988) , the tropical grass panicum (Panicum maximum) and legume lablab (Lablab purpureus), which had been fed to steers in previous studies, were used after cutting to 1-cm lengths in a commercial food chopper to simulate breakdown during eating (Table 1) .
Duplicate samples (10 g) of each of the eight forages were incubated at 39 ~ C for 48 h with 400 ml of ruminal fluid-artificial saliva mixture. Ruminal fluid used in this study, collected from ruminally fistulated steers that had been fed a fresh grass/legume mixture, was strained and mixed with artificial saliva in a ratio of 1:4 (Minson and McLeod, 1972) . Half the samples were automatically agitated for the 48 h using the rocking apparatus described above to determine the extent of digestion plus detrition, and half were not agitated. Detrition was calculated as the difference between these two measurements. As a control, samples (10 g) of the eight forages were mixed with 400 ml of the ruminal fluid and artificial saliva and were sieved for the measurement of particle size. Each treatment was replicated four times for each forage.
Particle size analysis was determined for each sample using the wet-sieving procedure previously described by McLeod and Minson (1988) . Particles retained on sieves with apertures of 1.18 mm or larger were defined as LP (Poppi et al., 1985) . All determinations were made in quadruplicate. The significance of the differences between treatment means were determined by analysis of variance (Steel and Torrie, 1980) . When the F test showed significant differences (P < .05), Duncan's multiple range test was used to compare means.
Results
Digestion plus detrition caused a 21.4 -+ 1.9% reduction in the proportion of LP ( Table  2 ). The breakdown of LP in the leaf fraction was 30.0 + 3.7%, compared with 12.8 + 1.7% for the stem fraction (P < .05). There was also an indication that the LP in the leaf of the legumes was broken down more than LP in the leaf of ryegrass (47.5 vs 21.5%, P < .05). When the total reduction in particle size was divided into the breakdown by the two processes, the mean breakdown by digestion was 13.75 + 1.9%, compared with 7.6 + 1.9% for detrition. There was considerable variation in the proportion of LP broken down by digestion (Table 2) .
Discussion
Digestion plus detrition appeared to have a direct effect on the reduction in the proportion of LP. This result supports the conclusion that digestion and detrition are directly involved in LP breakdown in vivo (McLeod and Minson, 1988) .
For the temperate forages, both in vivo and in vitro data were available on LP breakdown by digestion plus detrition (Tables 1 and 2 ). There was reasonable agreement with no significant difference between the mean in vitro (20 + 4%) and in vivo (17 + 1%) estimates of LP breakdown. However, examination of the data shows that there were large differences between the in vitro and in vivo estimates for the leaf fraction. The in vitro estimate of LP breakdown by digestion plus detrition was twice as high as that estimated in vivo. This difference could be due to two factors that differed between the in vitro and in vivo measurements. One reason for the lower breakdown in vivo of the leaf fraction could be that the more fragile parts of the sample were broken down by primary mastication and, therefore, were not available for breakdown by digestion and detrition in the rumen. This suggestion is supported by the observation that a higher proportion of the LP in the leaf fraction than in the stem fraction was broken down by primary mastication (30 vs 21%; McLeod and Minson, 1988) . Another possible reason for the lower breakdown of LP in vivo is the shorter time the leaf fraction is subjected to breakdown by digestion plus detrition in the rumen compared with the stem fraction (Laredo and Minson, 1973) . In the present study of simulated digestion and detrition, the leaf and stem sample were digested for the same length of time, so the leaf samples were subjected to a relatively longer digestion than would have occurred in vivo.
Digestion appeared to be a more important factor causing breakdown of LP than was detrition, although there was considerable variation between forages (Table 2) . In this study, on average 14% of the LP were reduced 
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in size by digestion; this compared favorably with the 19% change in particle size recorded by Murphy and Nicotetti (1984) , who used a different method of defining particle size. Detrition was responsible for reducing 8% of the LP, with large differences between forages. Very high breakdown by detrition occurred with the leaf fractions of the legumes, possibly due to the lack of a well-developed vascular system. If a functional relation can be established between plant anatomy and breakdown of LP by detrition, it may be possible in the future to develop rapid screening techniques for some aspects of forage quality based on rapid histological examination of plant material.
It is concluded that both digestion and detrition cause a reduction in size of forage particles in vitro; this result supports the conclusion drawn from in vivo studies.
